INTRODUCTION

Renewable Energy Analysis for Strategic Responsiveness
This project was done for the office of the Assistant Chief of Staff for Installation Management (ACSIM) and for the Deputy Chief of Staff for Logistics (DCSLOG) (Logistics Integration Agency (LIA)). The work included field demonstrations of photovoltaics at Waimea, HI, Fort Bragg, NC, and Ft. Stewart, GA.
The term photovoltaics (PV) is derived from two words: photo meaning "light" and voltaics meaning "energy." Photovoltaics, then, is the process of converting light energy into both direct current (DC) and alternating current (AC) for use by soldiers in the field and at installations. The glossary found at the end of this report can further aid the reader.
Renewable energy is defined for this project as any energy source which, through nature, can renew itself on a time scale of 24 hours. In the case of PV, because it uses the natural energy from the sun on a daily basis, it qualifies as a source of renewable energy. On the other hand, fossil fuels, because they take much longer than 24 hours to produce in nature, would not be an example of renewable energy.
REASR Purpose
To conduct an analysis of Army photovoltaic (PV) systems in support of different missions and at different locations. This project will analyze PV value added in both sustaining base and deployed mission contingencies. The Army is currently engaged in numerous efforts to increase strategic responsiveness while simultaneously reducing logistic support requirements. This project investigates the value added of PV as a complement to generator power, and, in particular, to see whether PV as a renewable energy source can increase operational effectiveness and reduce logistic support and maintenance. The key finding from this field demonstration was that with some modifications of the deployable unit, PV could be used to provide the primary power for a battalion-sized airborne infantry tactical operations center. For their part, the 3/504th provided a written after-action report (AAR) detailing those modifications that would enhance the operational readiness of mobile Army PV.
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US Military Deployments: 1989-1999 Figure 3. US Military Deployments: 1989-1999
Let us continue to examine the relationships between solar radiation and geographical location (to include altitude) that significantly impact PV applications. First, PV works better in areas where solar insolation values are high. The highest solar insolation can be found at locations on or near the earth's equator. Figure 3 shows the last 10 years of US military deployments broken down by major command. Note from the figure that over 60 percent of all deployments have been to areas that were at least equal to or better than the solar radiation found at the demonstration sight at Ft. Bragg, North Carolina.
This illustration was based on over 200 deployments during the past decade. Half of these deployments were to the highest sun radiation areas in or near the Persian Gulf. Solar radiation in these areas is between 2.32 and 2.55 terawatts (tera = trillion) per year per square kilometer (km 2 ).
The ADAPT project demonstrated PV capabilities to army units that support PV as a viable power potential alternative. There are two versions of the PV system pictured in Figure 4 . The first houses a 300-amp hour battery bank with a 5kW PV array and fossil fuel generator. This variant is mounted on an Army M101 ¾-ton trailer.
The second type includes a 600-amp hour battery bank and is mounted on an Army M105 3-ton trailer. Both PV system variants have been deployed and exercised in various locations and in all types of weather conditions by various Army forces.
Five of the six PV systems that have been built to date operate with 110V standard power. The sixth PV system was built to invert DC to AC power at 220V, 50 cycles (hertz). This application was for the European theater where equipment--bought off the local economy--operates in the 220V range.
Although PV is very quiet and does not emit a heat signature, as a target, the PV array which was demonstrated (see Figure 4) was not camouflaged and had to be laid flat on the ground to avoid ground detection. Recent developments by Sandia National Laboratories and by the US Army's Communication and Electronics Command (CECOM) show promise to develop either injected camouflage dye into the PV cells themselves (CECOM) or else to cover the PV modules with a gel-like substance (Sandia National Labs) to enhance performance and to provide system camouflage.
REASR Players
• Pacific Rim Exercise. The PV contractor, Global Solar, was assisted by the US Navy in shipping the Army PV system from Global's manufacturing facility in Tucson, AZ to the exercise location near Kona, Hawaii. Strategic responsiveness and deployability on site were key to the system's success in providing the first remote AC power to various activities at the exercise site.
Although the military force at the exercise site consisted of soldiers and sailors from various military organizations worldwide, the primary military presence was the United States Marine Corps. The Marines provided operational insights, commentary, and constructive criticism on the Army's PV system during the course of the exercise Field Training Exercise. This exercise, held at Ft. Bragg in February 2001, implemented the lessons learned from the Pacific Rim Exercise (see above). This mission utilized the PV system as mounted on an Army ¾-ton trailer, nomenclature M101.
Operation "Marne Focus." Located at Ft. Stewart, GA, this exercise used PV in heavily forested areas and in very windy and rainy weather. This exercise was the first continental US (CONUS) deployment of the PV System and it survived the transport very well (e.g., slightly bent power inverter door, broken data port).
REASR Approach
Evaluate PV in terms of: • Energy Savings (gal)
• Pollution Prevention (lb)
• Economics ($$$) -Phase II
Figure 7. REASR Approach
The approach leveraged critical Army in-the-field demonstrations and employed standard energy and pollution analyses. Soldiers provided the operational readiness analysis and included lessons learned for refinements in future PV systems.
The economic analysis will be conducted in REASR II which is scheduled for completion in June 2002. The first demonstration event for tactical PV was in June of 2000. This mission was a joint military and United Nations event. The scenario was to provide aid and comfort to a mock disaster, with over 1,000 civilians acting the part of refugees.
REASR CASE STUDIES
Although the exercise was administered by the US military, it was funded by the World Health Organization, the Red Cross, CARE, and miscellaneous refugee welfare organizations.
The US Marine Corps provided all of the necessary aid and comfort facilities for the 2-week exercise. Power was supplied to this effort by two military standard, 10kW diesel generators and the Army PV system.
Weather during the exercise was rainy with volcanic dust blowing most of the time. The dust covered the PV arrays and needed to be swept off at least once every 4 hours. Air filters for the diesel generators were replaced every 2 days.
Although this first demonstration of thin-film photovoltaic array material was successful, the power inverter and battery housing proved to heavy and bulky for strategic deployments. The following 5 months were devoted too reducing weight and volume of the entire PV system. By December of 2000 the system's weight and volume had been trimmed by 50 percent.
Case Study #2: Field Training Exercise Findings
• 3kW PV system was sole power source for airborne regiment's tactical operations center (TOC, briefing tent)
• Provided tactical quiet for security missions
• Provided 75% of required power from PV system
• Problems with PV system noted -confusing electric switches (fix: switches were better labeled and/or removed)
-unclear system default settings (fix: better documentation)
-low array efficiency (fix: improved technology in array manufacture)
• Bad weather (rain & overcast for ½ the exercise) degraded PV by 5%
• Saved an average of 11 gals of JP-8 /day (PV system was alternate for 5kW tactically quiet generator)
-Estimated yearly OPTEMPO fuel savings: 700 gals.
-Estimated yearly OPTEMPO pollution savings: 1,400 lbs 1 st 504 th PIR AAR (15 February '01)
Figure 9. Case Study #2: Field Training Exercise Findings
In February of 2001, the 1 st Battalion of the 504 th Parachute Infantry Regiment used a PV system as the main power source during a preparatory training exercise prior to deployment to the National Training Center (NTC). During this demonstration, there were alternative fossil fueled generators available, but were not utilized by the soldiers in the field. There were two reasons for this:
(1) The silent running of the PV when compared to the fossil fuel generators provided stealth for ground troops.
(2) PV provided continuous power without unplanned power interruptions due to the lack of fossil fuel (e.g., maintenance problems or fossil fuel generator failures, late fuel deliveries, forgetting to fill up the fossil fuel generator's fuel tank).
However, there were notable problems with the PV system as well. These included too many possible electric switch settings regarding the power inverter (going from DC to AC power) and unclear system default settings. Both of these problems were addressed following this exercise by reducing the number of switch settings available to the soldier in the field and by clarifying written documentation about resetting the system's default settings.
Additionally, low array yield efficiency was noted and recognized by the contractor, Global Solar Energy. These sub-par PV modules were returned to the vendor and remanufactured in time to support the next exercise (see "Marne Focus").
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Case Study #3: Marne Focus Findings
• 3kW Army PV system used as prime power for 1 st Bde 82 d AB DIV command center
• Provided uninterruptible, tactical quiet for security missions
• Provided 80% of required power from PV system
• Bad weather (rain & overcast for ½ the exercise) degraded PV by 5%.
• Some minor equipment damage in transit (broken door, bent inverter housing)
• Reduced demand for generator maintenance
• Saved an average of 18 gals of JP-8 /day (PV was alternate for 10kW tactically quiet generator)
-Estimated yearly OPTEMPO fuel savings: 1,200 gals.
-Estimated yearly OPTEMPO pollution reduction: 2,600 lbs The Marne Focus training exercise was the first time that soldiers were entirely responsible for the transport, maintenance, and running of the PV system. And although support was available to them at all times, they called the contractor only once to troubleshoot an electrical shorting problem.
This exercise was also notable because of the extremely poor weather (rain and cloudy for half of the entire exercise time) and because of the forested location. As a result of the rain clouds and wind, the PV's efficiency was degraded by 5 percent from the power it could have provided had the weather been fair to good.
Even with the degraded conditions, the soldiers were able to achieve 80 percent of the required power from the PV system (the remainder came from the fossil fuel generator).
Marne Focus was a turning point for the demonstrations run to date because it instilled a certain level of confidence in the troops' own ability to maintain and to execute the required continuous, silent power of a battalion-sized tactical operations center. There was only one occasion during this 2-week exercise where the contractor had to physically come to assist. REASR also gathered data in three different demonstrations from three different CONUS locations with troops in the field providing after-action reports used to improve the next PV system prototype.
These reports showed that soldiers in the field received added value from PV because the PV System:
(1) Provided continuous, reliable power.
(2) Provided total quiet while running.
